Background: Over the past decade, cardiovascular diseases (CVDs) have been the leading cause of death in the world. Ischemic heart diseases (IHDs) are the main form of CVDs and are the most important single cause of death around the world. This study aimed to estimate the burden of IHDs in the city of Isfahan by calculating disability-adjusted life years (DALYs).
Background
Mortality indicators alone do not properly reflect the health status of a population. Therefore, the health status of communities is assessed by the summary measures of population health (SMPH) that utilizes a combination of data on mortality and non-fatal consequences of diseases and injuries to express a population's health status in quantitative form. One of these measures is disabilityadjusted life years (DALYs) that indicate the years of life either lost due to premature death or lost as a result of disability caused by non-fatal diseases. The Global Burden of Disease study (GBD) uses this indicator for the calculation of burden of diseases [1] .
In the past decade, cardiovascular diseases (CVDs) have been the leading cause of death all over the world [2] . In 2015, CVDs accounted for nearly 17.9 million deaths (32.12% of all deaths) and almost 347.5 million DALYs (14.12% of the total DALYs) in the world [3] . Ischemic heart diseases (IHDs) are the main form of CVDs which lead to 7.2 million deaths each year, most of which occur in developing countries [4] . In 2013, IHDs led to 8.1 million deaths in the world (14.8% of total deaths and almost 50% of deaths due to CVDs) [5] ; and in 2015 they accounted for almost 164million DALYs (6.70% of the total DALYs and almost 47.19% of DALYs due to CVDs) in the world. According to the GBD 2015, CVDs were the cause of 20.23% of the total burden of diseases in Iran, of which 10.95% were related to IHDs (the leading cause of the total burden of diseases). In addition, IHDs were the leading cause of death (with 25 .82% of all deaths) in 2015 in Iran [3] . In 2014, 46% of all deaths were reported to be due to CVDs in Iran [6] . In 2011, 43.92% of all deaths are caused by CVDs in Isfahan province [7] .
To make the right decision about health priority, it is necessary to have some measures such as DALYs [8] . Also, Sub-national studies with more data on provincial and even city data to estimate the burden of IHDs can help to provide objective evidence and to access appropriate and detailed fundamental data which health policy makers need to make health policies, and design and manage appropriate interventions [9] .
Since there is not already published information on the burden of IHDs at the sub-national level in Iran, the present study was designed and implemented in order to estimate the burden of IHDs in the city of Isfahan, which is the second largest city in Iran and located in the center of this country.
Methods
This population-based study was conducted in the city of Isfahan in 2014. The study population was calculated by a demographic projection model, called DemProj, which uses the cohort-component method for making population projection [10] . This method has been described in detail elsewhere [11] . The inputs were the population in the base year (census 2011), the total fertility rate (1.7) that was collected from Isfahan University of Medical Sciences, the sex ratio at birth (102) that was collected from statistical center of Iran, and the life expectancy at birth (73 and 77 years for males and females, respectively) that were collected from NCDRC, Tehran University of Medical Sciences. Also, life table (CoaleDemeny West model) and age-specific fertility rate (average model table) were selected as options in DemProj.
The burden of IHDs was estimated by calculating DALYs which is formed of two component including years of life lost due to premature mortality (YLLs) and years lived with disability (YLDs) [12] . The scientific scheme of the processes of this study is plotted in Fig. 1 .
Calculating YLLs
In order to calculate YLLs, we need to have two components: 1) the number of deaths due to IHDs that adjusted for incompleteness and misclassification by sex and age (N); 2) life expectancy by sex and age (L). To determine the first component, the four following steps were taken:
In the first step, it was tried to calculate the incompleteness of mortality data among children less than 5 years old and people aged 5 years and older. The first was not calculated because deaths due to IHDs in this age group are not common and in the present study there was not any death due to IHDs in this age group. The latter was calculated through the following stages: a) collecting the population data of two censuses (2006 and 2011); b) collecting mortality data in 2006-2011 that registered based on international statistical classification of diseases and related health problems (ICD-10) codes [13] (that were set in according to the epidemiological conditions in Iran) in Bagh-e-Rezvan cemetery in Isfahan; c) cleaning mortality data; d) selecting the cases of deaths between the two censuses; e) imputing unknown ages (using linear regression model); f ) estimating the percentage of completeness of death registration system (DRS) using death distribution methods (generalized growth balance (GGB), synthetic extinct generations (SEG), and a hybrid of the two methods separately); and g) calculating the final percentage of completeness of DRS (the mean of completeness resulted from three death distribution methods) in Isfahan in 2011 as an alternative for the final percentage of completeness of DRS in 2014 [14] [15] [16] [17] .
In the second step, the following stages were performed to adjust misclassification: a) collecting mortality data in 2014 that registered based on ICD-10 codes in Bagh-e-Rezvan cemetery in Isfahan; b) cleaning mortality data; c) imputing unknown ages (using linear regression model); d) imputing the causes of death without any ICD-10 code, causes of death that were coded as R00-R99 (ill-defined codes), DxC-DxD (cancer without details), F70-F79 (mental retardation), and impossible and improbable age codes with the correct ones (using multinomial logistic regression); e) exchanging impossible and improbable sex codes with the correct ones (by reviewing the name of the deceased persons); f ) collapsing mortality data by age, sex, and cause of death; g) redistributing garbage codes that are including A40-A41 (septicemia), I26 (pulmonary embolism), I50 (heart failure), I74 (arterial embolism and thrombosis), and N17 (Acute kidney failure) among equivalent correct ICD-10 codes in every age and sex group (proportional to size according to number of deaths); and h) calculating the percentage of deaths due to IHDs among people aged 5 years and older by age and sex in 2014.
In the third step, the total number of adjusted deaths for incompleteness among people aged 5 years and older by age and sex in 2014 was calculated through the equation [14] total number of adjusted deaths f or incompleteness Uncertainty intervals (UI) for N was calculated through the equation [16] .
To determine the second component of YLLs i.e. life expectancy (L), we used the standard abridged life table which had been used in the GBD 2010 and GBD 2013 [17] .
Finally, we used the equation YLLs = N × L to calculate YLLs due to IHDs.
UI for YLLs was calculated through multiplying the lower and upper boundaries of N by L.
Calculating YLDs
We need to have the number of prevalent cases (P) and disability weight (DW) of IHDs, in order to calculate YLDs. The number of prevalent cases were calculated using the stepwise approach to non-communicable disease risk factor surveillance (STEPS) study that was conducted in Isfahan province in 2011 [18] . The STEPS study methodology has been described elsewhere [19] .
In this study, we calculated total disability weight of IHDs as follows: a) the number of every sequela of IHDs and its subsets plus disability weights of subsets were extracted from the GBD 2013; b) the percentage of subsets of every sequela of IHDs in 2013 was calculated by dividing the number of every subset by the number of every sequela; c) the percentage of every sequela of IHDs in 2013 was calculated by dividing the number of every sequela of IHDs by the total number of all sequelae of IHDs; d) disability weight of every sequela of IHDs in 2013 was calculated by multiplying the percentage of every subset of every sequela of IHDs by disability weight of that subset and then, summing up all the subsets; e) total disability weight of IHDs in 2013 in the world was calculated by multiplying the percentage of every sequela of IHDs by disability weight of the same sequela, and then, summing up all the sequelae of IHDs.
Then, YLDs due to IHDs were calculated through the equation YLDs = P × DW; Where P is the number of prevalent cases of IHDs in each age-sex group, DW is total disability weight of IHDs in GBD 2013.
UI for the number of YLDs was calculated through the equation
YLDs (lower boundary , upper boundary) = (P ± SE(P) × 1.96) × DW; Where SE(p) is the standard error of the number of prevalent cases that were calculated using the STEPS study.
While estimating the burden of diseases using statistical models, two types of uncertainty may occur: uncertainty arising from sampling (sample uncertainty) and uncertainty resulting from the use of statistical models (model uncertainty) [15] . In order to calculate "sample uncertainty" related to the number of YLLs and YLDs we used a simulation model to take 1000 draws from the number of YLLs and YLDs for each age, sex and then the 95% UI was calculated as the 2.5th and 97.5th percentiles of the 1000 draws. In this study, because there were not proper computing facilities, "model uncertainty" of the number of YLLs and YLDs were not determined.
Calculating DALYs
Finally, DALYs due to IHDs in Isfahan in 2014 was calculated through the equation DALYs = YLLs + YLDs in each age-sex group.
Data analysis was performed using STATA software version 12.0 (Stata Corp, College Station, TX, USA), R statistical software version 3. 
Results
In 2014, Isfahan city population (in age groups that were used in this study) was estimated to be 1,100,793 people, of whom 560,764 (50.94%) were males and 540,029 (49.06%) were females ( Table 1) .
The percentage of completeness of DRS which was estimated using GGB, SEG, and hybrid methods respectively, were 92%, 100%, and 92%. The mean of completeness resulted from three death distribution methods was 95% which was considered as the final percentage of completeness of DRS in Isfahan in 2011. Thus the final percentage of incompleteness was 5%.
The number of registered deaths in Bagh-e-Rezvan cemetery during the year 2014 was 4741 which was changed to 4625 after data cleaning. Moreover, 498 ICD-10 codes were imputed, of which 257 deaths were without ICD-10 code, 205 deaths were coded as R00-R99, 33 deaths were coded as DxC-DxD, two deaths were coded as F70-F79, and one death was coded as impossible and improbable age death. On the other hand, there was only one impossible and improbable sex code that was corrected via reviewing the name of the deceased person. In total, there were five garbage codes (including A40-A41, I26, I50, I74, and N17) which included a total of 828 people; they were redistributed among the correct ICD-10 codes of the same age-sex group.
After redistribution, 36.7% of deaths were attributed to IHDs and the number of simulated deaths due to IHDs was 1719, of which 967 (56.3%) occurred among males and 752 (43.7%) occurred among females. The highest numbers of deaths were observed among males and females aged 80 years and older (372 and 401, respectively) and the lowest numbers of deaths were observed among males and females aged 25-29 years old (two and two, respectively) ( Table 1) .
The highest and lowest prevalent cases of IHDs in males were observed in 25-29 years old and 80 years and older people, respectively, while in females, 55-59 and 25-29 years old people had the highest and lowest prevalent cases of IHDs ( 25) person-years per 100,000 persons) in both sexes. The highest and lowest numbers and rates of DALYs in males were observed in 80 years and older and 40-44 years old people, respectively. The highest and lowest numbers and rates of DALYs in females were observed in 80 years and older and 25-29 years old people, respectively. The highest and lowest numbers of DALYs in both sexes were observed in 80 years and older and 40-44 years old people, respectively; moreover, the highest and Table 3) . The rates of DALYs were increased with increasing the age in both sexes and were higher in males than in females in all age groups, except in 30-34, 40-44, 75-79 years old people, and 80 years and older (Fig. 2) .
Total disability weight of IHDs that was calculated using data from GBD 2013 and used in this study was 0.104 (Table 4) .
Discussion
Based on our findings, the rates of DALYs due to IHDs in the city of Isfahan in 2014 were increased in males and females with increasing age and the highest rate of burden of IHDs was seen in the elderly people. Also, IHDs were the leading cause of death in the city of Isfahan in 2014. This finding is consistent with the results of the GBD 2015 in the world and Iran [3] and other studies [20, 21] .
In this study, notable gender differences were observed for the total numbers and rates of YLLs and DALYs due to IHDs, for which the total numbers and rates of YLLs and DALYs were higher in males than females. The same results have been observed in other studies [3, 5, 9, 22] . For the Probable reason, females may be more sensitive to health knowledge, having better behavior to seek health care and having better access to primary prevention [23] .
In addition based on the findings of the present study, about one-half of the number of DALYs due to IHDs in males and one-third of the number of DALYs due to IHDs in females were occurred in <60 years old. Also, the percentage of the population in males and females <60 years old were 86.15% and 86.57% respectively. These results show that the burden of IHDs was more in people who known as productive persons and it will affect national economies [24] and also emphasize the importance of primary preventive measures for CVDs even in the younger people. By accepting the increase in the burden of IHDs with increasing age, primary preventive measures supplemented with secondary and tertiary prevention measures should be adapted to each population group and maintained up to older ages [25] . In 2014, Moran et al. indicated that in the North Africa/ Middle East and South Asia regions-regions with high IHDs burden-about one-third (29%) of the number of DALYs in males and a quarter (24%) of the number of DALYs in females <50 years old were due to IHDs [24] .
Also, GBD 2015 showed that IHDs are the leading cause of burden of diseases in the Middle East and North African countries [3] . The high burden of IHDs in Table 2 The number of prevalent cases of ischemic heart diseases by age, sex in Isfahan city, 2014 these countries is probably attributed to several factors such as increasing of the prevalence of risk factors, limited access to health care services in both prevention and treatment of IHDs. Thus, these countries may need to emphasize health promotion and disease prevention, control of modifiable risk factors, and treatment of acute and chronic medical conditions to reduce the burden of IHDs [26] . The present study showed that the total numbers and rates of YLDs due to IHDs were lower in males than females. It is probably due to the lower prevalent cases of IHDs in males. These results are inconsistent with the results of the GBD 2015 in the world and Iran [3] and another study [9] . This inconsistency might be due to the differences between our study and other studies in terms of the sources of data and methods that we used to estimate the prevalent cases and disability weights. Estimations of the prevalent cases in the GBD 2010 and GBD 2013 were carried out based on a systematic review and then using Bayesian meta-regression method [12] , while, we used the data that were collected by STEPS study in the present study. Fig. 2 Disability-adjusted life years due to ischemic heart diseases by age and sex in Isfahan city, 2014 Table 4 Calculation of total disability weight of ischemic heart diseases in the world in 2013 [29] Number of every sequela and its subsets (thousands-GBD 2013) It is worth to mention that the data which is from GBD studies are representative at the national level. Having the distribution of diseases at the sub-national level would be a clue for performing the interventions that reduce or control main health problems among sub-national populations [27] . Thus, it is recommended to conduct further studies to estimate the burden of diseases at subnational levels to prioritize health issues.
The strengths of this study are the adjustment of incompleteness and misclassification of mortality data, calculation of "sample uncertainty" and thus, reducing the measurement error, and use of the data that collected by the STEPS study to estimate the prevalent cases of IHDs.
This study has several limitations. Firstly, since the DRS did not provide the data on every type of IHDs separately, it was not possible to estimate the burden of every type of IHDs separately. Secondly, the validity of our findings may be affected by the quality of death certificates which are subject to information bias probably due to differences in physicians' education programs and also their training in completing death certificates [28] . Thirdly, in order to calculate the incompleteness of mortality data in DRS on 5 years old and above people, we had to calculate the incompleteness of mortality data in 2011 and used it as an alternative for the year 2014. Fourthly, it was not possible to calculate directly the prevalent cases of IHDs since the mild cases of IHDs (who had not been hospitalized) were not registered. In addition, the cases that referred to hospitals in other cities and districts were possibly not registered as well. As a result, the prevalent cases of these diseases were estimated using data from the STEPS study. Fifthly, because of the lack of data for all sequelae we did not consider comorbidity in the calculation of disability weight in this study. Finally, because there were not proper computing facilities, we could not calculate "model uncertainty".
Conclusions
The results of this study showed that the highest proportion of burden of IHDs in the city of Isfahan was attributed to YLLs in the elderly people. Since the majority of the population of Isfahan is <60 years old and IHDs are long-lasting, the health authorities are recommended to design and implement educational and cultural programs to inform people about the risk factors and the methods to prevent these diseases. These programs can be used as a strategy to reduce the incidence of these diseases from an early age. Accordingly, it is recommended to train physicians about the correct methods of completing death certificates to reduce information bias in the data, and conduct further similar researches in other cities after the 2016 census to achieve a more accurate estimate on the incompleteness of mortality data among people aged over 5 years, and estimate "model uncertainty" in future studies.
Abbreviations CVDs: Cardiovascular diseases; DALYs: Disability-adjusted life years; DRS: Death registration system; DW: Disability weight; GBD: Global burden of diseases, injuries, and risk factors study; GGB: Generalized growth balance; ICD-10: International statistical classification of diseases and related health problems; IHDs: Ischemic heart diseases; NCDRC: Non-communicable Diseases Research Center; SEG: Synthetic extinct generations; SMPH: Summary measures of population health; STEPS: Stepwise approach to non-communicable disease risk factor surveillance; UI: Uncertainty interval; YLDs: Years lived with disability; YLLs: Years of life lost due to premature mortality
